Abstract
Introduction

43
Ambient airborne particles have diverse physicochemical properties, sources, and impacts. The 
52
Urban air quality represents a major public health burden and is a long-standing concern to 
57
In urban areas, combustion and traffic-related emissions (exhaust and non-exhaust emissions) often 58 represents the main primary sources of PM. However, other sources can affect air quality (e.g.:
59
industrial activities, road dust resuspension, sea-salt) depending on the characteristics of the study 60 area. In addition, organic and inorganic secondary particles formed in the atmosphere from Therefore, the identification and the apportionment of all sources is importance to make effective 64 corrective decisions with respect to environmental management policies. form a commercial production system involving more than 136,000 employees: 23,940 commuters 102 moving every working day into the system, 25,654 others moving out of the system and 86,921 that 103 move within the system (ISTAT, 2011) . Located between Treviso and Quinto di Treviso, the "A.
Material and methods
94
Study area and main emission sources
104
Canova" airport represents an important node in the Italian airports network (Ministero delle   105 Infrastrutture, 2015) with about 1300 flights per month (Assaeroporti, 2015) .
106
A project to characterize the impact of the activities of Treviso "A. Canova" airport on air quality 107 and PM composition in the vicinity established two sampling sites to evaluate the differences in PM 108 composition, concentrations, and sources between the airport site and the urban site ( Fig. 1 and (iv) the undetermined mass resulted from the difference between PM2.5 measured mass and RM.
171
Details of the procedure are provided in the supplementary materials (SI2). The undetermined mass
172
represents about 62% and 54% of the PM2.5 mass measured at the AIR and TV, respectively.
173
Because of their relative proximity, the sampling sites can be considered to be influenced by the respectively) can be observed (Table 2 ). The excess of sulfur and potassium was calculated as the 235 mass concentration difference between the elemental and the ionic form. Therefore, considering the 236 proximity of the sampling site to the runway, the relationship with aircraft emission was 237 investigated.
238
Among the analysed elements, the excess of sulfur showed good correlations with Zn (r = 0.5), and 
247
Despite the observed correlations, it cannot be totally excluded the contribution of vehicular traffic.
248
There is a severe shortage of data on the elemental composition of PM2. concentrations increase during working-days (+72%, +59%, +132%, respectively) at the AIR site.
258
Reductions in the traffic intensity during the week-end can explain these differences. Lawrence et The first factor profile accounts for K + , Cl -and UNM with some amounts of Zn, Pb and Sb. It 
289
This factor represents the biomass burning (wood and pellets) for domestic heating and other wood 290 burning activities.
291
This interpretation is also consistent with those reported in the last released emissions inventory
292
(ISPRA, 2015) that assigns a large part of primary PM2.5 and CO emissions to the group 2 -Non-
293
industrial combustion systems (41% and 44%, respectively), in particular to the sub-group
294
Residential heating (96% and 93%, respectively). -3 ) , respectively, the TV site. These 300 secondary ions derive from gas-to-particle conversion processes. Similar contribution and trend can 301 be observed at both stations during the sampling period highlighting a widespread pollution of these 302 components (Fig. 4) .
304
In the fourth factor, As, Cd and V are associated suggesting the presence of an industrial source that 305 represent on mean 10% (6 µg m -3 ) and 5% (2 µg m -3 ) of the PM2.5 mass at the AIR and TV sites,
306
respectively. These elements can be related to industrial emissions from brick and ceramic factories, 
337
The highest concentrations of ammonium nitrate at the TV site can be addressed to the greater 338 availability of HNO3 from high emissions of NOx than at the AIR site. Despite this, ammonium 339 nitrate is correlated between the AIR and TV sites.
340
Changes in source contributions can be compared with the evolution of the mixing layer height in patterns were investigated by using CBPF (conditional bivariate probability function) analysis.
355
Computation of CBPF has been done by using Openair package for R (Carslaw, 2015) . Computed CBPF plots are presented in Figure 5 and 6.
371
Ammonium nitrate shows that the highest probabilities at the AIR site were associated to wind 372 blowing from north, west and south both for weak, moderate and strong winds ( probabilities towards south-west can also be observed at TV where the major highways are located 375 (Fig. 1) . This pattern suggests both local formation/accumulation processes (associated to low wind 376 speed and to a greater availability of HNO3 from high emissions of NOx) and transport from farther 377 areas of ammonium nitrate.
378
Probabilities associated with ammonium sulfate increase with wind blowing from east at both sites.
379
The highest probabilities associated with combustion occur for winds characterized by low speeds 380 (2 m s -1 ) blowing from south-west where the residential area of Quinto and Treviso are located.
381
The industrial source shows a preferential wind direction from south and east at TV (Fig. 6 ).
382
Alternatively, the highest probabilities were obtained with winds from the northeast and northwest
383
at the airport site where several small industries are located. Details of production activities and 384 their position relative to the sampling site are provided in the supplementary materials ( Fig. SI2; 385 Table SI3 ).
386
At the AIR site, traffic non-exhaust emissions exhibit high probabilities associated for low wind 387 speeds, suggesting a source close to the sampling site such as the SR515 Noalese, one of the more 388 important trafficked roads of the area (Fig. 1) . Conversely, in TV site high probabilities are 389 associated to wind blowing from south where the ring road of Treviso historical center is located.
390
The highest probabilities for resuspended dust were associated to moderate and high wind speeds to moderate winds that enhance the resuspension both in AIR and TV.
463
Results pointed out three levels of scale from which the pollution arose: (i) a proximate local scale
464
(close to the sampling site) for traffic non-exhaust source and resuspended dust; (ii) a local scale
465
(including both sampling site and areas close to them) for combustion, ammonium nitrate,
466
industrial; (iii) a regional scale characterized by external contribution for ammonium nitrate, 467 ammonium sulfate and partially industrial source. In this view, the proposed approach and results
468
can help to develop and adopt better air quality policy action both at local and at regional scale.
469
More effective inter-regional and inter-state policy actions should be also evaluated. The authors are grateful to ARPAV managers and technicians, in particular Dr. Maria Rosa, Dr. 
